A derivation is given for the method proposed by Henderson to incorporate evaluations of sires based on daughter records in other herds into the intraherd prediction of breeding values. The derivation consists of pretending the daughters in other herds have records which have been adjusted for the herd-year-season effects of their origin. These equations then are absorbed into the equation for the sire which is tied to both sets of daughters by elements of the inverse of the matrix of relationships.
DISCUSSION
Henderson (2) presented a procedure for what was called intraherd prediction of breeding and producing abilities using all relatives. A significant section of the paper, however, described incorporation of sire evaluations from records of artificially sired (AI) daughters in other herds into the intraherd predictions. The procedure essentially provides ties between herds with AI daughters, and also provides the same genetic base for evaluation of cows in such herds as the base for AI sire evaluation. Thus, the procedure provided a logical basis for effective comparison of the genetic values of cows in different herds. Bolgiano et al. (1) demonstrated that the error variance of prediction between genetic evaluations of cows in different herds is only slightly larger than that for comparisons of cows in the same herd. Their results were based on direct inverses of coefficients for simultaneous mixed model equations for cows in two herds tied together Received May 8, 1981.
by some AI sires in common.
Derivation of the procedure for incorporation of AI sire evaluations was not given in the paper (2) . The purpose of this note is to present a simple derivation which is within the framework of mixed model equations. This derivation may not be the same envisioned by Henderson, but the results are identical. Quaas (4) obtained a different deviation which is more general. The derivation in this paper is useful for teaching purposes as well as for establishing the logical basis for the approximation.
Derivation will be by example for a sire having a daughter in the herd and q other daughters in other herds with only their first records included in the external sire evaluation. The derivation includes the technique, not described until a later paper by Henderson (3), of including breeding values of animals without records in the mixed model equations. The animal without records is the sire. Records of daughters in the AI proof will be assumed to be adjusted perfectly for fixed effects (e.g., the herd-year-season effects associated with their records). This incorrect assumption probably is a good approximation because most procedures for sire evaluation will have included adjustment for such effects. Equations for genetic values of cows with records in the herd are not tied directly to equations for cows in other herds as the only ties would be through the inverse of the numerator relationship matrix and those elements for paternal half sisters are zero. Thus, ties are indirect through the sire because the inverse element of the relationship matrix for a sire with any of his daughters is -2/3.
Let gsp be the genetic value of a representative daughter of the p daughters of the sire in the herd, gsi (i = 1 ..... q) be genetic values of q daughters in other herds, and gs he the genetic value of the sire. Because the model to predict genetic values also includes permanent environmental effects, permanent environmen-
The mixed model equations then become tal effects will be absorbed as described by Hen-(ignoring equations for other cows in the herd derson (2) . and fixed effects for cows in the herd) as given by Henderson (2) • If the sire had no daughters in the herd, the sire equation would not be tied to any other equations and gs would be 2~. Since the t/3 for a daughter in the same herd would not be added to the diagonal, the coefficient of gs is
VAN VLECK so that the identity
is established; i.e., gs = 2,).
If daughter records from all lactations were used in the AI sire evaluation, the absorption step for the approximation would be possible if the number of daughters with 1, 2, etc., records were known. The diagonals of the coefficients for daughters with n i records would be 4t/3 + k/(n i + k). A concise formula for the diagonal of the sire equations after absorption does not seem possible but could be calculated numerically. A major difficulty is the right-hand-side. The symbolic absorption can be done with the right-hand sides of the daughter equations represented as kysi/(ni + k), where Ysi is the sum of records of the ith daughter. The sire equation after absorption (ignoring daughters in the same herd) becomes if Wsi = k/(nsi + k):
[(1 + q/3)t -(4t2/9) .Z (4t/3 + Wsi) -1 ]gs =
